Activated carbon fibres with extremely high surface areas (ACFs) were prepared by CO 2 re-activation using pitch-based ACFs having an original surface area of 1730 m 2 /g. The highest surface area of the re-activated ACFs was 2930 m 2 /g as determined from an α S -plot analysis of the nitrogen adsorption isotherm measured at 77 K. The ACF with the highest surface area showed excellent adsorptivity towards supercritical CH 4 and H 2 . The amounts of CH 4 and H 2 adsorbed were enhanced by 52% and 30%, respectively, as a result of re-activation.
INTRODUCTION
The development of carbon adsorbents (Lozano-Castelló et al. 1996; Alcañiz-Monge et al. 1997; Menon and Komarneni 1998; Lee and Kaneko 2003; Newalkar et al. 2004; Ruis et al. 2009 ) with a high microporosity for the storage of supercritical H 2 and CH 4 is one of the research subjects indispensable for the construction of sustainable technologies. A single graphene sheet has a specific surface area of 2630 m 2 /g, so that if pillared structures of nano-scale graphene sheets could be produced, their total surface areas should exceed the limiting value (2630 m 2 /g) of the area of the infinite graphene surface . This is because the nano-scale graphene-like units have edges that contribute to the effective surface area; surface areas in excess of 2630 m 2 /g would indicate the contribution of edge carbons of the nano-scale graphene units.
In a previous study, activated carbons whose surface areas were larger than 2630 m 2 /g were called super high surface area carbons (Ishii et al. 1995) . In addition, the Subtracting Pore Effect (SPE) method for α S -plot analysis was recommended as the method for determining the exact surface area of super high surface area carbons using N 2 adsorption isotherms . Here, the preparation of extremely high surface area activated carbon fibres by successive CO 2 re-activation is described and their adsorption characteristic towards supercritical CH 4 and H 2 evaluated.
EXPERIMENTAL
Pitch-based activated carbon fibre (ACF) (Ad'all Co.) was used. The ACF was re-activated at 1173 K for 1-12 h in a stream of CO 2 (flow rate = 100 mᐉ/min) and then cooled down in Ar; in this article, the ACF re-activated for t h is denoted as ACF-t. The rates of temperature elevation and lowering were regulated as 10 K/min. The burn-offs of the ACFs increased with activation time, as shown by the data listed in Table 1 . The micropore structures of ACF-t samples were determined from N 2 adsorption isotherms measured at 77 K; these N 2 adsorption isotherms were analyzed by the SPE method for α S -plots, the BET method and DR plots. The N 2 and H 2 adsorption isotherms were measured volumetrically (Quantachrome AS-1 MP instrument) after pre-heating at 423 K and < 10 -3 kPa for 2 h. The high-pressure adsorption isotherms of methane on ACF and ACF-6 were measured gravimetrically at 303 K after pre-heating at the same conditions as for the N 2 adsorption measurements. The morphological structures of re-activated ACFs were examined by FE-SEM methods. Figure 1 shows the high-resolution N 2 adsorption isotherms of the re-activated ACFs at 77 K. It will be seen from the figure that N 2 adsorption gradually increased almost linearly with log(P/P 0 ) up to P/P 0 = 0.1, accompanied by a jump in the isotherm near P/P 0 = 0.1. The slope of the linear increase in the adsorption isotherms for the re-activated ACFs was larger than that of the original ACF, with a more distinct adsorption jump. Figure 2 shows the corresponding α S -plots. The simulation study mentioned above showed that, below α S = 0.8, the slope of the linear increase of the α S -plot gave a true specific surface area without over-estimation, even for highly activated carbons . Table 1 summarises the micropore parameters obtained from the nitrogen adsorption isotherms. The total surface area of the pristine ACF was 1730 m 2 /g. Re-activation for more than 6 h induced a specific surface area > 2630 m 2 /g, with the largest resultant surface area being 3320 m 2 /g. It follows, therefore, that these ACFs had extremely high surface areas. As the SPE method can determine both the micropore volume and the micropore surface area without over-estimation, the average micropore width as evaluated on the basis of the slit pore model is listed in Table 1. It will   878 A. Rejifu et al./Adsorption Science & Technology Vol. 27 No. 9 2009 Relative pressure, P/P 0 be seen from the data that the corresponding average pore widths of the extremely high surface area carbon fibres were in the range of 1.0 nm to 1.5 nm. Since the Lennard-Jones size parameter of a CH 4 molecule is 0.3721 nm, the pore widths correspond to 2.7-4.3 layers of CH 4 molecules (Ohba et al. 2004) . Consequently, application of the simulation study to these ACFs would be expected to show excellent methane adsorptivities (Matranga et al. 1992; Bhatia and Myers 2006) . Figure 3(a) shows the high-pressure methane adsorption isotherm at 303 K up to 8 MPa; the amount adsorbed at 8 MPa was 190 mg/g. The amount adsorbed at saturation was estimated from the Langmuir plot to be 220 mg/g. This amount is larger than those reported earlier (Kaneko et al. 1993; Inomata et al. 2001; Murata et al. 2001) . Thus, the newly developed ACFs with extremely 
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